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METHODS AND APPARATUS FOR POWER ALLOCATION ON 
A REVERSE LINK POWER CONTROL CHANNEL OF A 

COMMUNICATION SYSTEM 

5 BACKGROUND OF THE INVENTION 

L FIELD OF THE INVENTION 

The present invention relates generally to mobile radio telephone 
systems. More specifically, the present invention relates to systems and 
methods for controlling the amount of power that will be transmitted from a 
10 base station to a remote station in a communication system. 

II. DESCRIPTION OF THE RELATED ART 

It has recently become more common to use spread spectrum techniques, 
such as code division multiple access (CDMA) techniques, to communicate 
information over wireless communication systems. For example, CDMA 
15 techniques are in wide use for communications between stationary base stations 
and mobile cellular telephones in a cellular telephone network. In accordance 
with CDMA techniques, several streams of information, typically from different 
sources, are each encoded (or "Channelized") using a different code. These 
codes allow the information to be transmitted over the same frequency band 
(commonly referred to as a "CDMA channel"). Each such Channelized 
information stream is commonly referred to as a "Code Channel". 

It is presently well known that in order to minimize the amount of 
interference between Code Channels of a CDMA channel, the amount of power 
that is transmitted on each of the Code Channels must be carefully controlled. 
25 Furthermore, it is common for a single amplifier to be responsible for 
transmitting the entire CDMA channel. When a single amplifier is used to 
transmit an entire CDMA channel, the more power transmitted in one Code 
Channel, the less power is available to the other Code Channels. This is 
because there is typically a limit on the amount of total output power that such 
30 an amplifier can provide without undesirably distorting the amplified signals. 



20 
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For a. leas, these reasons, it is important to properly allocate transmit power to 
each Code Channel in the same CDMA channel. 

In one system used primarily for transmitting information at high data 
rates over a wireless communication link, all of the Code Channels in one 
5 direction are used to provide parallel data paths for information from a firs, 
end poin. to a second end point of the communication link. For example, 
formation transmitted from a base station to one particular remote station . 
transmitted over all of the Code Channels. The transmission path » ft. 
direction is commonly referred * as either the "Forward Link" or "Down 
,0 Link", in such a high data rate system, each Code Channel on the Forward 
Link is aUocated approximately the same amount of power for transmiss.o n 
from the base station. Furthermore, transmissions to different remote stations 
are time multiplexed. That is, during a firs, time slot, all of the Code Channels 
of the CDMA Channel are allocated to transmitting information to a fust 
13 remote station. During a second time slot, all of the Code Channels of the 
CDMA Channel are allocated to transmitting information to a second remote 
station. Additional time slots provide communication links between the base 

station and other remote stations. 

The data path by which information is transmitted from a particular 
20 remote s.ation to .he base station is commonly referred to either as the "Reverse 
Link" or the "Up Link". In one high data rate system, the Code Channels of a 
Reverse Link are each allocated to different remote stations. The amount of 
power that is used to transmit the information on the Reverse Link must be 
controlled to reduce interference a. the receiving base station between Code 

25 Channels of the same CDMA channel. 

Accordingly, portions of each Code Channel on the Forward Lmk are 
reserved for transmitting power control information. The reserved portions o 
a particular Code Channel within one slot form a "Reverse Link Power Control 
(RLFC) Channel". Each such RLPC Channe. on the Forward Link is associated 

30 with one remote station. The power control information that is transmitted on 
a particular RLPC Channel is intended to be received and used by one 
particular remote station to control the reverse link power transmitted by that 
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particular remote station. The power control information assists in maintaining 
the output power from each remote station at a minimum level required for 
information to be reliably received from each remote station on the Reverse 
Link. 

5 Figure 1 is an illustration of the format of a Forward Link of one 

particular communication system. In the system shown in Figure 1, a portion of 
each Code Channel forms a RLPC Channel over which reverse power control 
information is transmitted. 

Figure 1 shows the Forward Link 100 formatted in Code Channels 102. 
10 Two Code Channels 102a and 102b are explicitly shown in Figure 1. However, 
in accordance with the format shown in Figure 1, 32 Code Channels are 
provided on the Forward Link CDMA channel. Each Code Channel is divided 
into "Slots" 104. In a typical system, such as the one shown in Figure 1, each 
Slot 104 in the Forward Link has a predetermined duration. Each Slot is 
15 assigned to a particular remote station. In the system shown in Figure 1, each 
Slot comprises 2048 "Chips". A Chip is defined as a duration in time that is 
equal to the duration of one bit of the code used to channelize the Code 
Channels. Each Slot 104 begins with a first data field 106 that is 464 Chips in 
length. A pilot field 108 follows the first data field 106. The pilot field is 96 
20 chips in length. The pilot field 108, among other uses, allows the receiving 
device to synchronize to the phase of the incoming Forward Link signals (which 
include the pilot field 108 itself). A second data field 110 having a length of 464 
Chips is then transmitted. A third data field 112 having a length of 400 Chips is 
transmitted next. Following the third data field 112, a power control field 114 is 
25 transmitted. The first power control field 114 has a length of 64 Chips. Next, a 
second pilot field 116 having a length of 96 Chips is transmitted, followed by a 
second power control field 118 having a length of 64 Chips. The last field in the 
Slot 104 is a fourth data field 120 having a length of 400 Chips. 

The power control fields 114, 118 within one Code Channel 102 form one 
30 RLPC Channel. Accordingly, the RLPC Channel is "Embedded" in the Data. 
Under most conditions, a determination can be made at the base station as to 
whether more, less, or the same amount of power needs to be transmitted over 
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the Reverse Link transmitted from a remote station. The determination is made 
based on the strength of the signal received by the base station from a particular 
remote station. 

Typically, when transmitting the Forward Link, the same amount of 

5 power is used to transmit each Code Channel in the CDMA channel. It is 
appropriate to transmit the Code Channels at the same power, since the Data is 
essentially directed to one remote station. For the purposes of this description, 
"Data" is defined as information that is provided by the communication system 
user, and does not include information that is transmitted between components 

10 of the system in order to manage and /or support system operations (such as 
overhead messages). However, since each RLPC Channel is directed to a 
different remote station, transmitting each RLPC Channel of the CDMA channel 
at the same power level means that some of the RLPC Channels will be 
transmitted at power levels that are either greater than or less than is required. 

15 This is because the amount of power that is required to transmit to a remote 
station that is closer is less than the amount of power required to transmit to a 
remote station that is farther away. Accordingly, it can be seen that 
transmitting all RLPC Channels at the same power level is undesirable for the 
following reason. There is an absolute maximum total amount of power that 

20 can be transmitted by all of the RLPC Channels taken together. Therefore, 
using more power than is required for some RLPC Channels means that other 
RLPC Channels will get less power than might otherwise be possible if the 
power were allocated based on the actual requirements of each RLPC Channel 
rather than being allocated equally to all RLPC Channels. This could be 

25 problematic if the farthest remote station requires more power than 1/N, where 
N is the total number of RLPC Channels. It should be noted that the amount of 
power "required" to "reliably" transmit information, as referred to herein, is 
the amount of power that is needed to ensure that the information can be 
decoded with a predetermined error rate. The particular error rate depends 

30 upon the particular application of the disclosed method and apparatus. 

However, determining the amount of power that is required by each 
RLPC Channel is difficult for some base stations from which transmission of 
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RLPC information would be desirable. This can be understood from the 
following example. Figure 2 is an illustration of a system including three base 
stations 201, 203, 205 and four remote stations 207. Each remote station 207 
typically maintains a list (commonly referred to as the "Active Set") of base 
5 stations from which the Forward Link 208 to that remote station 207 may 
originate. However, the Forward Link 208 will only originate from one of the 
base stations in the Active Set at any one time. The transmission path 209, 211 
between those base stations 203, 205 that are not transmitting the Forward Link 
208 to the remote station 207a typically has different loss characteristics than the 

10 transmission path 213 between the base station 201 that is transmitting the 
Forward Link 208 and the remote station 207a. Since nothing is being 
transmitted to the remote station 207a from the other base stations 203, 205 in 
the Active Set, it is not possible to characterize the loss over the Forward Links 
209, 211 between the other base stations 203, 205 and the remote station 207a. 

15 Nonetheless, the remote station 207a will be transmitting to the other base 
stations 203, 205. Therefore, it is desirable to have each base station 201, 203, 
205 in the Active Set send reverse link power control information to the remote 
station 207a so that the remote station will have information regarding the 
amount of power to send if selected to transmit. 

20 Therefore, a need currently exists for a method and apparatus to 

determine the relative amount of power that should be used to transmit reverse 
link power control information from a base station that is in the Active Set of a 
remote station, but which is not transmitting a Forward Link signal to that 
remote station. 

These problems and deficiencies are recognized and solved by the 
present invention in the manner described below. 



SUMMARY OF THE INVENTION 

The disclosed method and apparatus determines how much power to 
30 allocate to each of a plurality of reverse link power control (RLPC) Channels to 
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be transmitted from a base station, based upon data rate control (DRC) 
messages transmitted to the base station. However, since base stations transmit 
RLPC Channels to remote stations that have not necessarily transmitted a DRC 
to the transmitting base station, historical information is used to determine the 
5 quality of the Forward Link over which the RLPC is to be transmitted. It 
should be noted that for the purpose of this document, quality is directly 
proportional to the amount of power required to reliably transmit a 
predetermined amount of information in a predetermined amount of time with 
a predetermined error rate. If the history of the DRCs received indicates that 
10 the remote station to which the RLPC Channel is to be directed has not 
transmitted a DRC directed to that base station recently, then the base station 
allocates power to the RLPC Channels based upon information provided to the 
base station in DRCs that were received by the base station, but that were 
directed to other base stations. Accordingly, the base station can allocate power 
15 among the RLPC Channels without having received explicit information as to 
the quality of the Forward Link between the base station and every remote 
station intended to receive the information on the RLPC Channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The features, objects and advantages of the present invention will 

become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify like elements. 

Figure 1 is an illustration of the format of a Forward Link of one 

25 particular communication system. 

Figure 2 shows a communication system that includes seven stations. 
Figures 3a-3c describe the disclosed method and apparatus from the 

perspective of one base station. 

Figure 4 is a block diagram of a remote station in accordance with one 

30 embodiment of the disclosed apparatus. 
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Figure 5 is a block diagram of a base station in accordance with one 
embodiment of the disclosed apparatus. 

DETAILED DESCRIPTION 

5 The method and apparatus that is disclosed in this document allows a 

first station (such as a base station within a communication system) to 
determine how much power to allocate to each "Reverse Link Power Control 
(RLPC) Channel" that is being transmitted by the first station. For the purpose 
of this document, a RLPC Channel is defined as any portion of a 
10 communication path that is used to communicate information from a first 
station to a second station regarding the amount of power the receiving second 
station should transmit back to the first station. A "Forward Link" is defined as 
a communication link transmitted from a first station to a second station. A 
"Reverse Link" is defined as the communication link transmitted from the 
15 second station to the first station. A "Base Station" is defined as a fixed 
transmitting and receiving station for interfacing a wireless communications 
device to a wireline communications system. A "Remote Station" is defined as 
a station that communicates with a Base Station over a wireless link. 

Figure 2 shows a communication system that includes seven stations 201, 
20 203, 205, 207a, 207b, 207c, 207d. In accordance with one embodiment of the 
disclosed method and apparatus, the first, second and third stations 201, 203, 
205 are Base Stations. The fourth, fifth, sixth, and seventh stations 207 are 
Remote Stations (such as a wireless local loop telephone, a hand held telephone, 
a modem, a computer terminal, or another device or system used to originate 
25 information to be transmitted over the communication system). It should be 
understood that the number of Remote Stations is typically much greater than 
the number of Base Stations. However, only four Remote Stations 207 are 
shown in Figure 2 for the sake of simplicity. It should be understood that each 
station may be either a Remote Station or a Base Station, depending upon the 
30 type of communication system in which these stations are being used. 
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The disclosed method and apparatus is described essentially in the 
context of allocation of power among RLPC Channels. However, in systems in 
which the roles of the Forward and Reverse Links are reversed from that set 
forth in this description, the disclosed method and apparatus applies equally 
5 well to the allocation of power among "Forward Link Power Control 
Channels". Nonetheless, for ease and clarity, the disclosed method and 
apparatus is described in the context of allocation of power to RLPC Channels 

transmitted in the Forward Link. 

In accordance with one embodiment of the disclosed method and 
,0 apparatus, multiple Remote Stations concurrently transmit Data over the 
Reverse Link to one Base Station. This Data is transmitted from each Remote 
Station to a Base Station on a separate Code Channel. For example, the four 
Remote Stations 207 may each be transmitting information over the Reverse 

Link to the Base Station 201. 

15 In the context of one system for allocating power among RLPC Channels, 

a Base Station transmits Data on a Forward Link to one Remote Station at a 
time In addition, each Remote Station preferably receives Data from only one 
Base Station a. a time. For the purposes of this description, "Data" is denned as 
information that is provided by the communication system user, and does not 

20 inciude information mat is transmitted between components of the system m 
order to manage and/or support system operations (such as overhead 

messages). . 

Each Remote Station maintains a "Set" (or Us.) of "Active" Base Stahons 

(i e an "Active Set"). A Base Station is placed in the Active Set if that Base 

25 Station is transmitting a Forward Link that is being received by the Remote 

Station 207 with at least a predetermined level of quality. In one embodiment, 

the quality of the Forward Link is determined by the quaUty of portions 108, 

116 of the Forward Link 100. referred to as the "Pilot Channel". A Wot 

Channel is preferably made up of portions 108, 116 of the Forward Link that are 

30 used by a Remote Station to determine the quality of the Forward Link and to 

determine the relative phase of the information being received by a Remote 

Station. In accordance with the embodiment of the disclosed method and 
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apparatus shown in Figures 1 and 2, the Pilot Channel is transmitted on only 
one Code Channel 102a from among the Code Channels 102 in the CDMA 
channel. Furthermore, the Pilot Channel is transmitted only during two fields 
108,116 of each Slot 104. 
5 The quality of the Pilot Channel may be determined by measuring a ratio 

of signal to noise, frequently referred to as "Carrier /Interference" or "C/I". 
Such measurements of the quality of the Pilot Channel are well known to those 
skilled in the art. The quality of the Pilot Channel can be used to determine the 
quality of the entire Forward Link. It should be understood that the quality of 

10 the Forward Link may be determined by any other means known, such as by 
measuring the signal to noise ratio of a Forward Link "Traffic Channel" (i.e., 
that portion of the Forward Link that carries the Data). Alternatively, any other 
portion of the Forward Link may be used to determine the quality of the 
Forward Link. However, since the Pilot Channel is modulated in a 

15 predetermined manner, the Pilot Channel provides an appropriate channel for 
determining the quality of the Forward Link. Nonetheless, signal to noise ratio 
is only one parameter that can be used by the Remote Station to determine the 
quality of the Forward Link. Any other method for determining the quality of 
the Forward Link can be used in accordance with the disclosed method and 

20 apparatus. 

If the quality of the Forward Link received by a Remote Station is such 
that Data can be transmitted over the Forward Link at a predetermined data 
rate with a predetermined reliability, then the transmitting Base Station may be 
placed in the Remote Station's Active Set. However, in accordance with one 

25 embodiment of the disclosed method and apparatus, a Pilot Channel from a 
particular Base Station may be received by the Remote Station with sufficient 
quality and still not be added to the Active Set. This may be true if there are a 
predetermined number of Active Base Stations already in the Active Set and the 
Active Set can only support the predetermined number of Active Base Stations. 

30 In the embodiment of the disclosed method and apparatus in which C/I is used 
to determine the quality of the Forward Link, the Remote Station 207 calculates 
a data rate based upon the C/I of the pilot received from the selected Base 
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Station. The data rate is calculated to result in Data being received at the 
Remote Station with a predetermined reliability. It will be understood by those 
skilled in the art that the reliability with which Data can be transmitted depends 
upon the quality of the Forward Link (i.e., the C/I) and the data rate. 

5 Since the Remote Station only receives data from one of the Base Stations 

in the Active Set at any one time, the Remote Station selects one of the Base 
Stations in the Active Set to transmit data to the Remote Station. The selected 
Base Station 201 is preferably the Base Station 201 from which the Remote 
Station 207 receives the best quality Forward Link (i.e., the Base Stauon 

10 transmitting the Forward Link capable of supporting the highest data rate). In 
accordance with one embodiment of the disclosed method and apparatus, the 
rate at which the selected Base Station can reliably transmit Data to a particular 
Remote Station is communicated to the selected Base Station by the particular 
Remote Station 207 over the Reverse Link 210. The data rate is encoded with a 

15 unique code that indicates for which Base Station the data rate informauon is 
intended. 

When the selected Base Station receives the data rate information, the 
selected Base Station uses this information to determine the C/I of the pUot that 
was received by the transmitting Remote Station. In accordance with one 
20 embodiment of the disclosed method and apparatus, the method used by the 
selected Base Station to calculate the C/I of the Forward Link transmitted from 
the data rate is the inverse of the method used by the Remote Station to 
calculate the data rate from the measured C/I of the Forward Link pilot signal. 
The selected Base Station determines the amount of power to allocate to 
25 a particular RLPC Channel based upon the quality of the Forward Link as 
determined by the Remote Station. In accordance with the embodiment shown 
in Figures 1 and 2, the Forward Link can support as many RLPC Channels as 
there are Code Channels 102. Each such RLPC Channel is intended for a 
different Remote Station. The number of RLPC Channels to be transmitted by a 
30 Base Station is equal to the number of Remote Stations that include that Base 
Station in their Active Set. For example, if only three Remote Stations 207a, 
207b, 207c have a particular Base Station 201 in their Active Set, then the Base 
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Station 201 transmits a Forward Link 208 that includes three RLPC Channels, 
one RLPC Channel intended for each of the three Remote Stations 207a, 207b, 
207c that include that Base Station in the Active Set. 

The Base Station also receives information over the Reverse Link from 
5 each of these three Remote Stations 207a, 207b, 207c. Accordingly, the receiving 
Base Station 201 must provide power control information to each of the three 
Remote Stations 207a, 207b, 207c. This information is provided in a power 
control message over the RLPC Channels. Each such RLPC Channel is 
transmitted over one Code Channel during the two power control fields 114, 
10 118 of each Slot. No power is allocated to the unused RLPC Channels (i.e., to 
the other Code Channels during the power control fields 114, 118). Therefore, if 
the Forward Link uses a CDMA channel that includes 32 Code Channels, only 
three of the 32 Code Channels are required during the reverse link power 
control fields 114, 118 (assuming that the Base Station is included in the Active 
15 Sets of only three Remote Stations). Accordingly, no power would be 
transmitted on the other 29 Code Channels of the Forward Link. This allows 
the maximum amount of power to be allocated to the three RLPC Channels that 
are directed to Remote Stations 207a, 207b, 207c that include the Base Station 
201 in their Active Set. Each Remote Station 207a, 207b, 207c determines which 
20 particular power control message is intended for that Remote Station based 
upon the particular Code Channel 102 over which the message is sent (i.e., the 
particular Code Channel 102 that is used to support the RLPC Channel). 

It can be seen that the allocation of power among the RLPC Channels 
requires that the Base Station identify each Remote Station that includes the 
25 Base Station in the Active Set. In addition, the Base Station must determine the 
quality of the RLPC Channel in order to determine the amount of power to 
allocate to each of the RLPC Channels. In accordance with the disclosed 
method and apparatus, the Remote Station transmits an overhead message over 
the Reverse Link that indicates when a new Base Station has been added to the 
30 Active Set. A Base Station that is added to the Active Set of a Remote Station 
will receive overhead messages, either directly from the Remote Station or 
through another Base Station which then communicates the information to the 
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Base Station that has been added. Therefore, a Base Station can maintain a list 
of those Remote Stations that include that Base Station in their Active Set. 

However, each Remote Station preferably only transmits information 
regarding the quality of one Forward Link. That is, a Remote Station only 
5 transmits information regarding the Forward Link between that Remote Station 
and the one Base Station that is currently selected by that Remote Station to 
transmit data to that Remote Station. For example, assume the Active Set of the 
Remote Station 207a includes the three Base Stations 201, 203, and 205. Remote 
Station 207a transmits the data rate at which that Remote Station 207a can 
10 receive Data from the Base Station 201, assuming that the Forward Link 
between the Base Station 201 and the Remote Station 207a has a higher quality 
than the other two Forward Links 209, 211. This data rate information can be 
used to determine the quality of the Forward Link 208 (and so the quality of the 
RLPC Channel). However, while the Base Stations 203, 205 receive the data rate 
15 information transmitted from the Remote Station 207a, the data rate 
information is only relevant to the Forward Link 208 between the select Base 
Station 201 and the Remote Station 207a. Therefore, the other Base Stations 203, 
205 in the Active Set have no information about the current quality of the 
Forward Links 209, 211 between them and the Remote Station 207a. 
20 Rather than allocating power among the RLPC Channels either 

arbitrarily or equally, the disclosed method and apparatus uses historical 
information to assist in determining the quality of each of the RLPC Channels to 
be transmitted. 

Figures 3a - 3c are a flowchart of the steps performed in accordance with 
25 one disclosed method for determining the amount of power to allocate to each 
RLPC Channel. The method illustrated in Figures 3a - 3c is performed 
independently by each Base Station in a communication system. The steps of 
Figures 3a-3c are described below from the perspective of one Base Station 201. 
For the purpose of this description, it will be assumed that the Base 
30 Station 201 is receiving Data from three Remote Stations 207a, 207b, 207c. In 
addition, it is assumed that the Active Set of these three Remote Stations 207a, 
207b, 207c include the Base Station 201. The Base Station 201 receives "Data 
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Rate Control" (DRC) messages over a Reverse Link 210 associated with the first 
Remote Station 207a. The Base Station 201 stores the received DRC messages in 
both a "Short List" and a "Long List". In accordance with one method, the 
Short List includes the five most recently received DRC messages and the Long 
5 List includes the twenty most recently received DRC messages. It should be 
understood that in one embodiment of the disclosed method and apparatus, the 
Long List includes the five DRC messages stored in the Short List. However, in 
an alternative embodiment, the Long List includes only those twenty DRC 
messages that were received after receipt of the five DRC messages stored in 
10 the Short List. In yet another alternative embodiment of the disclosed method 
and apparatus, any other number of DRC messages may be stored in the Long 
and Short Lists. However, it should be clear that the number of DRC messages 
stored in the Short List should be less than the number stored in the Long List. 
Furthermore, it should be understood that the greater the number of messages 
15 stored, the lower the reliability of the information in the older stored messages 
due to the age of that information. 

The Base Station 201 makes a power control (PC) decision for each 
Remote Station. That is, the Base Station 201 determines whether the Remote 
Station 207a is transmitting the Reverse Link with too much or too little power 
20 (STEP 301). In accordance with one disclosed method, this determination is 
based on the error rate of the Reverse Link 210. In another disclosed method, 
this determination is based upon a C/I measurement of the Reverse Link. 
Those skilled in the art will understand that there are many other ways in 
which the Base Station can determine whether the Remote Station has 
25 transmitted the information over the Reverse Link with an appropriate amount 
of power to be reliably received by the Base Station, but without using more 
power than is required. Accordingly, any known means may be used for 
making this determination in accordance with the disclosed method and 
apparatus. 

30 If the power that is being sent on the Reverse Link 210 is appropriate, 

(STEP 302), then no power is allocated to the RLPC Channel associated with the 
Remote Station 207a from which the Reverse Link 210 originated (STEP 304). 
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The power is appropriate if the Base Station 201 determines that the power level 
of the Reverse link should not be adjusted. This condition is referred to as an 
"Erasure". If the Base Station determines that the Remote Station is 
transmitting with either too little, or too much power, then a change in the 
5 amount of power is required on the Reverse Link 210 (i.e., an erasure does not 
occur) (STEP 302). In such a case, the Base Station 201 determines whether the 
most recently received data rate control message (i.e., the "Current" DRC 
message) is "Valid" from the Remote Station 207a. A DRC is considered to be 
Valid if the DRC message content is received by the receiving Base Station with 
10 a predetermined level of assurance in the accuracy of the message content. The 
Base Station 207a also determines whether the Current DRC message is 
"Directed" to the Base Station 201 (STEP 306). The DRC message is Directed to 
a particular Base Station if the DRC message provides information about the 
rate at which the transmitting Remote Station can receive information from that 
15 Base Station. The information may be provided in any manner, such as a 
measure of the quality of the Forward Link, or the actual data rate that can be 
supported by the Forward link. It should be noted that in accordance with one 
embodiment of the disclosed method and apparatus, each Remote Station 
transmits DRC messages at a predetermined rate. Each DRC message indicates 
20 the Remote Station from which the DRC message came. If a DRC message is 
Valid and Directed to the Base Station that receives that DRC message during a 
first period of time, then the DRC message is a relatively good indication of the 
quality of the Forward Link between the Remote Station that transmitted the 
DRC message and the Base Station that received the message. If a DRC 
25 message which is transmitted during a second time period is either not received 
as Valid by the Base Station 201, or is not directed to the Base Station 201, then 
there is no way to determine the quality of the Forward Link during that 

second period of time. 

Therefore, if the Current DRC message is Valid and Directed to the Base 
30 Station 201, then the Base Station 201 uses the content of that message to 
determine the quality (e.g., the C/I) of the Forward Link 208 (STEP 308). In 
accordance with one embodiment of the disclosed method and apparatus, the 
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quality determination is based on the data rate that is being requested by the 
Remote Station 207a. The Base Station 201 uses the inverse of the process used 
by the Remote Station 207a to determine the data rate from the C/I of the Pilot 
Channel of the Forward Link 208. In addition, the Base Station 201 identifies 
5 the quality determination of the Forward Link 208 as being "Reliable" (STEP 
308). The quality determination is identified as being Reliable due to the fact 
that the DRC message was both Valid and Directed to the Base Station 201. 

Once the Base Station 201 has established a quality value for the Forward 
Link 208, the Base Station 201 checks whether the quality of the Forward Links 
10 215, 217 to each other Remote Station 207b, 207c that include the Remote Station 
201 in the Active Set has been determined (STEP 342) (see Figure 3c). As noted 
above, DRC messages are transmitted on each Reverse Link associated with a 
RLPC Channel. That is, DRC messages are transmitted by each of the three 
Remote Stations 207a, 207b, 207c that include the Base Station 201 in the Active 
15 Set. If the Base Station 201 has not yet determined the quality of all three 
Forward Links 208, 215, 217, then the Base Station 201 continues the process at 
STEP 301 in order to determine the quality of the next Forward Link (STEP 344). 
Once the quality of each Forward Link 208, 215, 217 associated with each RLPC 
Channel has been determined, the Base Station 201 allocates power to each 
20 RLPC Channel based on the quality determinations and the reliability of those 
determinations, as will be described in greater detail below. 

If the Current DRC message is either invalid or not Directed to the Base 
Station 201 (STEP 306), then in accordance with one embodiment of the 
disclosed method and apparatus, the Base Station gets the DRC messages 
25 stored on the Short List (STEP 310). A determination is made as to whether the 
any of the most recent DRC messages were Directed to the Base Station 201 
from the Remote Station 207a (STEP 312). If at least one Valid DRC message on 
the Short List is Directed to Base Station 201, then the Base Station 201 
determines the quality (e.g., the C/I) of the Forward Link 208 based on the 
30 value of the most recent Valid DRC message directed to the Base Station 201 
and stored in the Short List (STEP 314). As was the case in STEP 308, the Base 
Station 201 determines that the quality determination of the Forward Link is 
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Reliable. This determination is made based on the results of STEP 312. 
However, in the case of STEP 314, the DRC message is not the Current DRC 
message. Therefore, in accordance with one embodiment of the disclosed 
method and apparatus, the quality value is adjusted to compensate for the fact 

5 that the DRC message is not Current. 

For example, in the case in which quality is expressed as a C/I value, the 
C/I value is adjusted either up or down to compensate for the fact that the data 
rate information is not Current. In accordance with one embodiment, the C/I 
value associated with a Remote Station from which no Current DRC message is 

10 available is adjusted to reflect a greater signal quality. The quality of the 
Forward Link will determine the amount of power allocated to the RLPC 
Channel. Signals transmitted over lower quality links are transmitted with 
more power, while signals transmitted over higher quality links are transmitted 
with less power. Therefore, adjusting the quality value to indicate a higher 

15 quality link results in less power being allocated to the RLPC Channel 
associated with the Remote Station 207a from which no Current DRC message 
directed to that Base Station is available. This results in more power being 
available for the RLPC Channel associated with the Remote Station from which 
the Base Station has received a Current DRC message directed to that Base 

20 Station. 

Alternatively, since the Base Station 201 has received a DRC message 
that was Directed to the Base Station 201 relatively recently (as indicated by the 
fact that such a message is on the Short List) the Base Station 201 may adjust the 
quality value downward. Such an adjustment would result in more power 

25 being allocated to the RLPC Channel associated with that Remote Station 207a. 
This is appropriate if there is a desire to increase the possibility that the RLPC 
Channel will be reliably received by the Remote Station 207a. As noted above, 
there is a limited amount of total power available to transmit all of the RLPC 
Channels. Therefore, increasing the amount of power with which a RLPC 

30 Channel is transmitted to one Remote Station, decreases the amount of power 
that is available to transmit RLPC Channels to the other Remote Stations. 
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In yet another embodiment of the disclosed method and apparatus, the 
Base Station 201 does not adjust the quality determination at all. By not 
adjusting the quality determination, an assumption is made that the benefits of 
providing more power to those RLPC Channels for which the quality is well 
5 known, is offset by the desire to provide a measure of reliability for the 
transmission of those RLPC Channels for which the quality is not as well 
known. 

Having determined a quality value for the Forward Link 208 in STEP 
314, the Base Station 201 checks whether the quality of all of the Forward Links 
10 has been determined (STEP 342) and if not, the process returns to STEP 301 
(STEP 344). 

If the Base Station 201 determines that none of the DRC messages on the 
Short List are Directed to the Base Station (STEP 312), then the Base Station 201 
determines whether at least one Valid DRC message was received within a 

15 predetermined amount of time (such as 400 milliseconds in one particular 
example of the disclosed method and apparatus). In one embodiment of the 
disclosed method, a "DRC-LOCK bit" is set when a Valid DRC message arrives. 
The DRC-LOCK bit indicates that the Base Station 201 has received a Valid DRC 
message over the Reverse Link 210 from a Remote Station within the 

20 predetermined period of time (STEP 316). The predetermined time period is 
preferably greater than the amount of time over which DRC messages are 
stored in the Short List, and equal to the amount of time over which the DRC 
messages are stored in the Long List. It should be noted that the Base Station 
201 may also determine whether a Valid DRC message was received by any 

25 other means. For example, a determination can be made as to whether any 
Valid DRC messages are present in the Long List by inspection of the stored 
DRC messages. 

Accordingly, if the Base Station 201 has received a Valid DRC messages 
within a predetermined amount of time, then such messages will have been 
30 stored on the Long List. The Base Station gets the DRC messages from the Long 
List. If any of the DRC messages in the Long List are Directed to the Base 
Station 201 (STEP 320), then in accordance with one embodiment of the 
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disclosed method, the Base Station 201 calculates the average of the quality 
values from all of the DRC messages Directed to the Base Station 201 (STEP 
321). The Base Station then determines the quality (e.g., the C/I) of the Forward 
Link 208 based on the average of all of the DRC message values (STEP 322). As 
5 was the case in STEP 308, the Base Station 201 identifies the quality 
determination of the Forward Link as Reliable based on the determination 
made in STEP 320 and establishes a value for the quality of the Forward Link 
(STEP 322). 

Having determined the quality of the Forward Link 208, the Base Station 
10 201 checks whether the quality of all of the Forward Links has been established 
(STEP 342) and if not, the process returns to STEP 301 (STEP 344). 

If a determination is made that no Valid DRC messages have been 
received by the Base Station 201 within the predetermined period (STEP 316), or 
that none of the DRC messages were Directed to the Base Station 201 (STEP 
15 320), then the Base Station 201 will attempt to determine the quality of the 
Forward Link based upon DRC messages that were not Directed to the Base 
Station 201. However, the Base Station 201 will consider this quality 
determination to be "Unreliable" since it is based on information that is not 

Directed to the Base Station 201. 

20 Assuming that none of the DRC messages received by the Base Station 

201 were Directed to that Base Station 201 (as determined in STEPs 316 or 320), 
then the Base Station 201 determines whether the Current DRC message is 
Valid (STEP 324). If the Current DRC message is Valid, then the Base Station 
201 establishes a quality value (such as a C/I value) for the Forward Link 208. 

25 One means by which that Base Station 201 establishes a quality value is by 
performing the inverse of the operation performed by the Remote Station 207a 
when that Remote Station 207a generated the Current DRC message. The 
quality value is then modified to correct for the fact that the value is Unreliable. 
Alternatively, the value of the DRC message may be used directly (such as by 
30 reference to a lookup table) to determine the quality of the Forward Link 208. 

In one embodiment of the disclosed method and apparatus, the Base 
Station 201 takes into account that the Forward Link 212 from the Base Station 
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203 to which the DRC messages are currently Directed has the highest quality. 
That is, Base Stations 201, 205 to which the Remote Station 207a has not 
Directed DRC messages will have a Forward Link that has a lower quality than 
the Forward Link transmitted from the Base Station 203 to which the Remote 
5 Station 207a is directing DRC messages. This is because the Remote Station 
207a always directs the DRC message to the Base Station having the highest 
quality Forward Link. 

By performing the inverse of the operation performed by the Remote 
Station 207a to generate the DRC message, the Base Station 201 can determine 

10 the maximum quality of the Forward Link 208. Therefore, the Base Station 201 
preferably determines that the quality of the Forward Link 208 is lower than the 
quality of the Forward Link 212, as determined from the value of the Current 
DRC message (STEP 326). However, this determination is considered to be 
Unreliable, since there is no way to know exactly how much lower the quality 

15 of the Forward Link 208 will be. 

In one embodiment of the disclosed method and apparatus, the Base 
Station 201 determines how much to adjust the quality of the Forward Link 208 
by taking into account additional information. Examples of such information 
include: (1) a stored table that cross references the location of the Remote 

20 Station 207a to the quality of the Forward Link 208, (2) historical information 
regarding the quality of the Forward Link 208, and (3) other information that is 
indicative of the magnitude of the difference between the quality of the 
Forward Link 211, 212 about which the information is relevant and the quality 
of the Forward Link 208 transmitted by the Base Station 201. 

25 Having determined the quality of the Forward Link 208, the Base Station 

201 checks whether the quality of all of the Forward Links has been established 
(STEP 342). If not, the process returns to STEP 301 (STEP 344). 

If the Current DRC message is not Valid (STEP 324), then the Base 
Station 201 searches through the stored values in the Short List to identify the 

30 most recent Valid DRC message (STEP 328). If the Short List includes at least 
one Valid DRC message (STEP 330), then the Base Station 201 determines the 
quality of the Forward Link 208 based on the value of this most recent DRC 
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message from the Short List. This quality determination is marked as being 
Unreliable (STEP 332) to indicate that quality determination was not made with 
regard to the Forward Link transmitted from that Base Station 201. Since the 
DRC message is not Directed to the Base Station 201, the quality determination 
is merely the maximum quality, and not the actual quality of the Forward Link 
208. In addition, since the value is not from the Current DRC message, the 
value is made even more Unreliable (i.e., may not even be a reliable measure of 
the maximum quality). Therefore, in accordance with one embodiment of the 
disclosed method and apparatus, the value is preferably modified to indicate 
that the quality of the Forward Link 208 is less than the quality indicated by the 
value of the DRC message. 

Having determined the quality of the Forward Link 208, the Base Station 
201 checks whether the quality of all of the Forward Links has been established 
(STEP 342) and if not, the process returns to STEP 301 (STEP 344). 

If none of the DRC messages in the Short List were Valid (STEP 330), 
then the Base Station 201 checks to see whether any of the values in the Long 
List are Valid (STEP 334). If the Base Station 201 has been receiving DRC 
messages, then the Base Station 201 reads the DRC messages stored in the Long 
List (STEP 336). The Base Station 201 determines the quality of the Forward 
Link 208 based on the DRC messages that are Valid (STEP 338). However, if 
none of the DRC messages in the Long List have been directed to the Base 
Station 201, then in accordance with one embodiment of the disclosed method 
and apparatus, the stored DRC messages are taken together to indicate the 
average quality of the Forward Link 208. Typically, when the DRC messages 
are both old and have not been Directed to the Base Station 201, each individual 
DRC message value has relatively little significance. This is especially true 
since the quality of the Forward Link 208 changes relatively quickly. Once the 
average value is determined, the quality of the Forward Link 208 can be 
estimated to be worse than this estimate, since none of these values were 
Directed to the Base Station 201. Therefore, the estimation is marked as 
Unreliable (STEP 338). 
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Having determined the quality of the Forward Link 208, the Base Station 
201 checks whether the quality of all of the Forward Links has been established 
(STEP 342). If not, the process returns to STEP 301 (STEP 344). 

If there are no Valid DRC messages in the Long List (STEP 334), then the 
5 Base Station 201 assumes the quality of the Forward Link 208 to be a 
predetermined value (STEP 340). In one embodiment of the disclosed method 
and apparatus, the predetermined value is an average value taken over a longer 
period then is represented by the Long List. Alternatively, the value may be a 
parameter stored in the Base Station and set by system considerations, such as 
10 topography, average quality of the Forward Link within an area of interest, etc. 

Having determined the quality of the Forward Link 208, the Base Station 
201 checks whether the quality of all of the Forward Links has been established 
(STEP 342). If not, the process returns to STEP 301 (STEP 344). 

In accordance with one embodiment of the disclosed method and 
15 apparatus, for each Forward Link 208, 215, 217 for which the quality 
determination was considered to be Reliable, the C/I value will not be further 
adjusted to compensate for reliability. That is, the C/I value that will be used 
by the Base Station 201 will be essentially equal to the C/I value that was 
measured by the Remote Station 207a. However, in accordance with an 
20 alternative embodiment of the disclosed method and apparatus, the C/I value 
will be modified by a factor which is a function of packet length, level of 
confidence on the prediction/fading margin, and other such factors that can 
affect the correlation between the value and the actual quality of the Forward 
Link 208. 

25 Upon determining a quality factor for each Forward Link, the amount of 

power that is to be allocated to each of the RLPC Channels is first divided 
among those RLPC Channels for which Reliable quality information is 
available. This allocation is based upon the amount of power required in light 
of the quality of each such RLPC Channel (STEP 346). Next, the total power 

30 that is to be allocated according to the requirements of all of the RLPC Channels 
for which Reliable information is available is compared to the total power 
available for all of the RLPC Channels (STEP 348). If the amount of power 



BNSDOCID: <WO 0054430A 1 _L> 



SUBSTITUTE SHEET (RULE 26) 



PCT/USOO/06553 

WO 00/54430 22 

required for ail of the Reliable RLPC Channels is more than the total power 
available, then the available power is divided among only those RLPC 
Channels for which Reliable quality information is available, based on the 
relative quality of each such Reliable Channel (STEP 350). This introduces an 
5 equal degradation among all RLPC Channels for which reliable quality 

information is available. 

If the amount of power required for each Reliable RLPC Channel is less 
than the total power available (STEP 348), then the remaining power is divided 
among those RLPC Channels for which only Unreliable quality information is 

10 available (STEP 352). 

In the embodiment of the disclosed method and apparatus in which the 
measure of the quality of a Forward Link is the C/I value, the following 
formula is used to determine the amount of power required to transmit the 
Forward Link (STEP 346): 
15 A[i] = (E b /N 0 )»PG' 1 «(l/CtoI[i]) equation (1) 

where E b /N c is the energy per bit divided by the noise, PG is the 
processing gain due to the encoding of the information, and CtoI[i] is the sum 
of all C/I values for the particular RLPC Channel for which a Reliable C/I 
value has been determined, A[i] is the amount of power required to transmit 
20 the RLPC Channel for the RLPC Channel having the CtoI[i] value. 

Once the values for each A[i] have been calculated (i.e., an output power 
level has been calculated for each Forward Link for which reliable quality 
information is available), a check is made to ensure that the total output power 
allocated to all of the RLPC Channels does not exceed the maximum that the 
25 Base Station 201 can transmit, taking into account any additional power 
required in the RLPC Channels for overhead (such as forward activity bits or 
other such overhead messages). 

If the total power allocated by equation (1) to the RLPC Channels 
directed to Remote Stations over Forward Links for which Reliable quality 
30 determinations can be made is greater than the amount of power that is 
available, then in accordance with one embodiment of the disclosed method 
and apparatus, the power is allocated to those RLPC Channels for which a 
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Reliable quality determination has been made according to the following 
formula: 

A[i] = {(Ctoipn/KCtoIOT)} (1 " P««*J equation (2) 

where CtoI[i] is the C/I value of the Forward Link to the Remote Station 
5 to which the RLPC Channel to be allocated power A[i] is directed and Ctolffl is 
the sum of the C/I values of each of the other RLPC Channels for which 
Reliable C/I values have been determined. No power is allocated to RLPC 
Channels for which Unreliable quality determinations have been made. 
Accordingly, the power is allocated among the RLPC Channels for which 
10 Reliable quality information is available in proportion to the quality of each 
such RLPC Channel. 

If the total power allocated by equation (1) is less than the amount of 
power that is available, then in accordance with one embodiment of the 
disclosed method and apparatus, the following formula is used to allocate the 
1 5 power among the RLPC Channels: 

A[k] = {(CtoIfkD/^CtoIU] 1 )} {(1 - P overhe J - EA[j]} equation (3) 
where CtoI[k] is determined to be an Unreliable C/I value determined 
for the Forward Link to the Remote Station to which the RLPC Channel to be 
allocated power A[k] is directed, Z(CtoI[l] is the sum of the other C/I values 

20 associated with the RLPC Channels for which Unreliable C/I values have been 
determined, and ZA[j] is the sum of the C/I values of each of the other RLPC 
Channels for which Reliable C/I values have been determined. Accordingly, 
once the power allocated to the RLPC Channels for which Reliable quality 
information is available, the remainder is allocated to the RLPC Channels for 

25 which only Unreliable quality information is available. The remaining power is 
allocated in proportion to the estimates of the quality of each RLPC Channels 
for which only Unreliable quality information is available. 

In one embodiment of the disclosed method and apparatus, the C/I 
value may be adjusted to compensate for a lack of Reliability in the 

30 determination of the C/I at the Remote Station 207a, or to otherwise alter the 
allocation of power between RLPC Channels transmitted over the Forward 
Link 208. It should be noted that both the quality of the Forward Link, as well 
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Sta« „ M ' Pr °~ te d ^ F *ure 4 is a Wock diagram of a Remote 
Stat,™ 400 „ accordance with one embodiment o, the disclosed apparatus 
5 The Remote Station 400 includes an antenna 405 , a- <_ 

end 404 „ H • , • , antenna 402, a radio frequency (RF) front 

end 404, a digital signal processor (DSP) 406, a eeneral Dum ™, 
memory device 410. and user interfaces 412. P '~ ** * 

In accordance with the disclosed memod and apparatus, the antenna 402 
^ves Forward Link signals from one or more Base Stations. The signals al 

DSP 406 decodes the received Forward Link signals. In addition, DSP 406 

provides an indication as to the relative qualitv of A. r ■ 

The inHi, , quality of the received Forward Link. 

Ore indication of relative qualitv is stored i„ «, 

p 4 ^ ls stored m *e memory 410. The General 

P rpose Processor 408 is coupled to the DSP 406 and to the memory 410 ^ 
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memory 410 and determines the rate a, which each i^ceived Forward Link can 
support data, and determines which Forward I h* „ , 
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^ ^e the Genera, Purpose Processor 408 has selected the Forward Unk 
*at can support the highest data rate, the Genera. Purpose Processor 408 

modulates the information in a DRC, together with any information from the 
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user interface 412, into a Reverse Link output signal that is provided to the RF 
front end 404. The RF front end processes the Reverse Link output signal and 
couples the Reverse Link output signal to the antenna for transmission to each 
Base Station capable of receiving the signal. 
5 Figure 5 is a block diagram of a Base Station 500 in accordance with one 

embodiment of the disclosed apparatus. The Base Station 500 includes a 
transmitter, such as an antenna 502 and a radio frequency (RF) front end 504. 
The Base Station 500 further includes a digital signal processor (DSP) 506, a 
general purpose processor 508, a memory device 510, and a communication 
10 interfaces 512. 

In accordance with the disclosed apparatus, the antenna 502 receives 
Reverse Link signals that have been transmitted from nearby Remote Stations 
400. The antenna couples these received signals to an RF front end 504 which 
filters and amplifies the signals. The signals are coupled from the RF front end 

15 504 to the DSP 506 and to the general purpose processor 508 for demodulation, 
decoding, further filtering, etc. Upon decoding DRCs from the received 
Reverse Link signals, the DSP 506 stores the decoded DRC in the memory 510 
in both the Short List and the Long List. In addition, the DSP 506 determines 
whether each received Reverse Link was transmitted from the Remote Station 

20 with too much or too little power. It should be noted that the Base station 500 
typically receives Reverse Link signals from more than one Remote Station 400 
at a time. 

The general purpose processor 508 then performs the process shown in 
Figures 3a-3c. The general purpose processor 508 communicates to the DSP 506 

25 the amount of power that should be allocated to each RLPC Channel. Based 
upon the allocation of power to each RLPC Channel, the DSP 506 modulates 
and encodes the Forward Link signals to be transmitted by the Base Station 500. 
The signal is coupled to the RF front end 504. The RF front end couples the 
signal the antenna 502 which transmits the Forward Link signal to the Remote 

30 Stations. 

The disclosed method and apparatus is provided to enable any person 
skilled in the art to make or use the present invention. The various 
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modifications to the disclosed method and apparatus will be readily apparent 
to those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of inventive faculty. Thus, the 
present invention is not intended to be limited to the methods and apparatuses 
5 shown herein but is to be accorded the widest scope consistent with the claims 

set forth below. 

What is claimed is: 
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CLAIMS 

1. A method for determining the amount of power that is required to transmit 
power control information from a first station to a second station of a 
communication system, including the steps of: 

a) receiving data rate control information from the second station, the 
information indicating the data rate at which information is to be 
transmitted by the first station to the second station; and 

b) determining from the data rate control information the amount of 
power required to transmit the power control information to the second 
station. 

2. The method of Claim 1, wherein the first station is a base station and the 
second station is a remote station. 

3. A method for determining the amount of power that is required to transmit 
power control information from a first station to a second station of a 
communication system, including the steps of: 

a) receiving a first data rate control message from the second station 
during a first period of time; 

b) determining whether the first data rate control message is directed to 
the first station; 

c) storing the first data rate control message on a short list; 

d) receiving a second data rate control message from the second station 
during a second period of time; 

e) determining whether the second data rate control message is directed to 
the first station; 

f) if the second data rate control message is was not directed to the first 
station, then: 

i) determining the amount of power which would be required to 
transmit power control information from the first station to the 
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« ation duriIlg me fim period of ^ ^ 

data rate control message; and 
") deterrnining me ^ of ^ tha( is required (o 

poWCT control ^ ^ flKt s(aHon y 

second station during me 5econ<J ^ Qf ^ ^ 
amount of power determined ,o be required to reliably transit 
power control information from the first station to the second 
station during the first period of time. 

4. Ine method of Claim 3, further including the steps of 

a) storing the second data rate contro, message on the short list; 

rate T" ^ ° n te Sh °" " »— within a 
to. predetermined amount of time, and storing data rate contro, 
—ges on a ,on g lis t if „ withm , p^^' 

zr : Hme ' ,he second predet ~ — - 

than the first predetermined amount of time- 

0 determining whether any of the messages on the short list are directed 
to the first station; 

d. ected to the ftrs, station, then determining the amount of power 
to transmit the power control information from the first statl 
to the second station based upon the most recent data rate contro, 
message directed to the first station- 
e) * none of the data rate control messages stored on the short ,ist are 
d-cted to the firs, station and at least one of the data rate ccntr* 
n> .sages stored on the ,ong Us, are directed to the first station then 

determining the amount of power reauireH ^ ,- k, 

mn . r . . , P er ra i m ^ to reliably transmit power 

control information from the first station *„ «, 

fK . „ s,abon t0 * e second station durine 

*e second period of time based upon each of the power con J 
messages directed to the firs, station and stored on the long Us,. 
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5. The method of Claim 4, wherein the step of determining the amount of 
power required to reliably transmit power control information from the 
first station to the second station during the second period of time based 
upon each of the power control messages directed to the first station and 
stored on the long list further includes the steps of: 

a) calculating an average forward link quality based upon the values of 
each data rate control message stored on the long list and directed to the 
base station; and 

b) determining the amount of power required to reliably transmit power 
control information from the first station to the second station based 
upon the average forward link quality. 

6. A method for allocating power among reverse link power control channels 
on a communications link between a first station and a plurality of second 
stations, including the steps of: 

a) attempting to receive forward link quality information from each of the 
plurality of second stations; 

b) determining the relative quality of a plurality of reverse link power 
control channels, each such reverse link power control channel being 
associated with one of the plurality of second stations, the 
determination being based upon the forward link quality information 
received from the associated second stations; and 

c) allocating more power to a reverse link power control channel 
associated with a lower quality forward link then to a reverse link 
power control channel associated with a higher quality forward link. 

7. The method of Claim 6, further including the steps of: 

a) determining from information received from a remote station whether 
more power, less power, or the same amount of power is required on 
the communication link between the remote station and the base station; 
and 
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3 b) allocating no power to a reverse power control channel associated with 

any remote station communicating with the base station over a forward 
link for which the same amount of power is required. 



8 



8. A method for allocating transmit power to a plurality of power control 
channels, including the steps of: 

a) attempting to determine the quality of one or more forward links; 

b) identifying those forward links for which reliable quality information is 

available; 

1 c) initially allocating power to each of the power control channels to be 

transmitted over a forward link for which reliable quality information is 
5 available, the power being allocated based upon the amount of power 

required to reliably transmit each power control channel to be 
0 transmitted over a forward link for which reliable quality information is 

available, the amount of power required for a particular power control 

2 channel being determined as a function of the quality of that particular 

power control channel; 
4 d) determining whether the total power allocated for all of the power 

control channels to be transmitted over forward links for which reliable 
16 quality information is available is greater than the available power; 

i) if greater, then allocating all of the available power to only those 
18 power control channels to be transmitted over forward links for 

which reliable quality information is available in proportion to 
20 the relative quality of each forward link with respect to each 

other forward link for which reliable quality information is 
22 available, and allocating no power to those power control 

channels to be transmitted over forward links for which only 
24 unreliable information is available; and 

e) if not greater, then allocating power to those power control channels to 
26 be transmitted over the forward links for which reliable quality 

information is available in proportion to requirements of each power 
28 control channel, and allocating the remaining power to those power 

SUBSTITUTE SHEET 26) 



Qucnnrin *WO 0054430A1J_> 



WO 00/54430 PCT/US00/06553 

31 

control channels to which only unreliable quality information is 
30 available in proportion to the relative quality of the forward links over 

which they are to be transmitted. 

9. A method for allocating transmit power to a plurality of power control 
2 channels, including the steps of: 

a) determining whether a data rate control message transmitted from a 

4 remote station and directed to a receiving base station. has been received 

by the receiving base station within a predetermined first period of 
6 time; 

b) if a data rate control message transmitted from a remote station and 
8 directed to a receiving base station has been received by the receiving 

base station within the predetermined first period of time, then 
10 determining the quality of the forward link between the receiving base 

station and the transmitting remote station from the data rate control 
12 message and considering the quality determination to be reliable; 

c) if a data rate control message transmitted from a remote station and 
14 directed to a receiving base station has not been received by the 

receiving base station within the predetermined first period of time, 
16 then determining whether a data rate control message transmitted from 

the remote station and directed to another base station has been 
18 received by the receiving base station within the predetermined first 

period of time; 

20 d) if a data rate control message transmitted from the remote station and 

directed to a second base station has been received by the receiving base 
22 station within the predetermined first period of time, the second base 

station not being located at the same location as the receiving base 
24 station, then determining that the quality of the forward link between 

the remote station and the receiving base station is no better than the 
26 quality of the forward link between the second base station and the 

remote station, and considering that quality determination to be 
28 unreliable; and 
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30 £> T?? g rr to power32con,roi " tased - tad 

quahty and the reliability of that determined quality. 

10. A method for allocating power l0 . ^ ^ 
2 embedded within . data channel, including ^ steps Q , 

mformafion over me power control channel to each o, a p.uraHty „, 
remote stations; r 

« b) abating the amount o, power required to transmit the power contro. 

channel to each of the remote stations based upon the determined 
° power requirements; 

c, anocaung the amount of power required to transmit each data channe, 
based on the total number of da, channels and the tota, available 
power mdependent of the amount o, power aHocated ,„ each power 
1Z control channel. v 

n. A base station within a communication system, including: 

TTT contro1 taformation tadicalta8 rate at wwd - W — ^ - 

be rehably received by the second station from the base station- 
b) a processor, coupled to the receiver, configured to determine' from the 
data rate contro. information the amount of power that is needed to 
rehably transmit the power control information to the second station. 

12. A base station within a communication system, including- 

a) receiver configured to receive from a second station, a firs, data rate 
control message during a first period of time and a second data rate 
control message during a second period of time; 

b) a processor, coupled to the receiver, configured to: 

0 determine whether the firs, data rate control message is directed 

to the base station; 

ii) store the first data rate control message on a short list; 
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iii) determine whether the second data rate control message is 
directed to the base station; 

iv) perform the following, if the second data rate message is not 
directed to the base station: 

(1) determining the amount of power that would have been 
required to transit power control information from the first 
station to the second station during the first period of time 
based upon the first data rate control message; 

(2) determining the amount of power that is required to reliably 
transmit power control information from the base station to 
the second station during the second period of time based 
upon the amount of power determined to be required to 
reliably transmit power control information from the base 
station to the second station during the first period of time. 

13. The base station of Claim 12, wherein the processor is further configured to: 

a) store the second data rate control message on the short list; 

b) store data rate control messages received prior to the receipt of the first 
data rate control message on the short list if received within a first 
predetermined amount of time, and storing data rate control messages 
on a long list if received within a second predetermined amount of time, 
the second predetermined amount of time being longer than the first 
predetermined amount of time; 

c) determine whether any of the message on the short list are directed to 
the base station; 

d) determine the amount of power required to transmit the power control 
information from the base station to the second station based upon the 
most recent data rate control message directed to the base station, if any 
of the data rate control messages stored on the short list are directed to 
the base station; 

e) determine the amount of power required to reliably transmit power 
control information from the base station to the second station during 
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18 the second period of time based upon each of the power control 

messages directed to the base station and stored on the long list, if none 
of the data rate control messages stored on the short list are directed to 
the base station and at least one of the data rate control messages stored 
22 on the long list are directed to the base station. 

14. The base station of Claim 13, wherein the processor determines the amount 
2 of power required to reliably transmit power control information from the 
base station to the second station during the second period of time based 
4 upon each of the power control messages directed to the base station and 

stored on the long list by: 
6 a) calculating an average forward link quality based upon the values of 

each data rate control message stored on the long list and directed to the 

8 base station; and 

b) determining the amount of power required to reliably transmit power 
control information from the base station to the second station based 
upon the average forward link quality. 



10 



15. A base station within a communication system, including: 
2 a) a receiver configured to receive forward link quality information from 

each of the plurality of remote stations; 
4 b) a processor, coupled to the receiver, configured to: 

i) determine the relative quality of a plurality of reverse link power 
6 control channels, each such reverse link power control channel 

being associated with one of the plurality of remote stations, the 
8 determination being based upon the forward link quality 

information received from the associated remote stations; and 
10 c) allocate more power to a reverse link power control channel associated 

with a lower quality forward link then to a reverse link power control 
12 channel associated with a higher quality forward link. 

16. The base station of Claim 15, wherein the processor is further configured to: 
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a) determine from information received from a remote station whether 
more power, less power, or the same amount of power is required on 
the communication link between the remote station and the base station; 
and 

b) allocating no power to a reverse power control channel associated with 
any remote station communicating with the base station over a forward 
link for which the same amount of power is required. 



10 



17. A base station within a communication system, including: 
2 a) a receiver configured to receive at least one forward link quality 

message; 

4 b) a processor configured to: 

i) determine the quality of one or more forward links based on 
6 the information received in the forward link quality messages; 

ii) identify those forward links for which reliable quality 
8 information is available; 

iii) initially allocate power to each of the power control channels 
to be transmitted over a forward link for which reliable quality 
information is available, the power being allocated based upon the 

12 amount of power required to reliably transmit each power control 

channel to be transmitted over a forward link for which reliable 

14 quality information is available, the amount of power required for a 

particular power control channel being determined as a function of 

*6 the quality of that particular power control channel; 

iv) determine whether the total power allocated for all of the 
power control channels to be transmitted over forward links for 
which reliable quality information is available is greater than the 

20 available power; 

v) allocate all of the available power to only those power control 
22 channels to be transmitted over forward links for which reliable 

quality information is available in proportion to the relative 
24 quality of each forward link with respect to each other forward 
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link for which reliable quality information is available and to 
allocate no power to those power control channels to be 
transmitted over forward links for which only unreliable 
information is available if the total power is greater than the 

available power; and 

vi) if not greater, then to allocate power to those power control 
channels to be transmitted over the forward links for which 
reliable quality information is available in proportion to 
requirements of each power control channel and to allocate the 
remaining power to those power control channels to which only 
unreliable quality information is available in proportion to the 
relative quality of the forward links over which they are to be 
transmitted. 

18. A base station within a communication system, including: 

a) a receiver configured to receive data rate control messages; 

b) a processor, coupled to the receiver, configured to: 

i) determining whether a data rate control message transmitted 
from a remote station and directed to a receiving base station has 
been received by the receiving base station within a 
predetermined first period of time; 

ii) determine the quality of the forward link between the base 
station and the transmitting remote station from the received 
data rate control message and to consider the quality 
determination to be reliable, if a data rate control message 
transmitted from a remote station and directed to the base station 
has been received by the base station within the predetermined 
first period of time; 

iii) determine whether a data rate control message transmitted from 
the remote station and directed to another base station has been 
received by the base station within the predetermined first period 
of time, if a data rate control message transmitted from a remote 
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station and directed to the base station has not been received by 
20 the base station within the predetermined first period of time; 

iv) determine that the quality of the forward link between the 
22 remote station and the base station is no better than the quality of 

the forward link between the second base station and the remote 
24 station, and considering that quality determination to be 

unreliable, if a data rate control message transmitted from the 
26 remote station and directed to a second base station has been 

received by the base station within the predetermined first period 
of time, the second base station not being located at the same 
location as the base station; and 

v) allocate power to power control channels based upon the 
determined quality and the reliability of that determined quality. 



28 



30 



19. A base station in which power is allocated to a power control channel which 
2 is embedded within a data channel, including: 

a) a processor configured to: 
4 i) determining the amount of power that is required to reliably 

transmit information over the power control channel to each of a 
6 plurality of remote stations; 

ii) allocate the amount of power required to transmit the power 
8 control channel to each of the remote stations based upon the 

determined power requirements; 

iii) allocate the amount of power required to transmit each data 
channel based on the total number of data channels and the total 

12 available power, independent of the amount of power allocated to 

each power control channel 
14 b) a transmitter, coupled to the processor, configured to transmit the power 

control channels to each of the plurality of remote stations at the 
16 allocated power levels. 



10 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: < WO 0054430A 1 _\_> 



WO 00/54430 



PCT/US00/06553 



1/7 



oo 



DATA 
)0 CfflPS 


O 
CM 

i ♦ • • • • • 

J 


DATA 
)0 CHIPS 








v© 


RPC 


VO 


PILOT 

96 
CHIPS 


VO 

J 




VO 


RPC 


vo 


DATA 
400 CHIPS 


J 


DATA 
400 CHIPS 


DATA 
464 CHIPS 


J 


DATA 
464 CHIPS 


PILOT 

96 
CHIPS 


OO 

o 

7 




DATA 
464 CHIPS 




DATA 
464 CHIPS 











2 



vo 



< 



CM 



BNSDOCID: <WO_0054430A1_I_> 



WO 00/54430 



2/7 



PCT/US00/06553 




FIG. 2 



BNSDOCID: <WO 0054430A1 J > 



WO 00/54430 



PCT/US00/06553 



STEP 301 



PC DECISION 
FOR EACH 
MOBILE 



3/7 



STEP 302 



ERASURE ? 



NO 



YES 



STEP 306 



STEP 310 



STEP 312 



STEP 316 



IS CURRENT 
DRC VALID & 
DIRECTED 
JO BS ? 

NO 



GET VALID DRCs 
FROM SHORT LIST 



ARE ANY 
DRCs DIRECTED 
TOBS ? 

NO 



DRC 
LOCK BIT 
SET? 

YES 



YES 



STEP 304 


NO POWER 




ALLOCATED 




STEP 308 


CONSIDER 




C/I RELIABLE 




SET CTOL[i] 


1 


VALUE 





STEP 314 



YES 



NO 



GET DRC VALUES 
STORED ON THE LONG LIST 



STEP 318 



CONSIDER 




C/I RELIABLE 




SET CTOL[i] 


1 


VALUE 






i 



ARE 

NO /ANY DRCs 1 
DIRECTED 
TOBS 



STEP 320 



STEP 322 



YES 



CONSIDER C/I 
RELIABLE 
SET CTOLfi] VALUE 



FIG. 3A 



BNSDOCID:<WQ_0054430A1 I > 



WO 00/54430 



PCT/USOO/06553 



4/7 




^STEP 324 
IS^ 

CURRENT^^ YES 

DRC VALID 
? 



STEP 326 



CONSIDER 




C/I UNRELIABLE 




SET CTOL[i] 


1 


VALUE 





GET THE LATEST 
VALID DRC IN THE 
SHORT LIST 



STEP 328 



STEP 330 




STEP 332 



CONSIDER 




C/I UNRELIABLE 




SET CTOL[i] 


1 


VALUE 





*© 



STEP 336 



GET AVERAGE OF 
DRCs FROM 
LONG LIST 



STEP 338 



CONSIDER 
C/I UNRELIABLE 

SET CTOL[i] = 
PREDETERMINED 
VALUE 




CONSIDER 
C/I UNRELIABLE 
SET CTOL[i] 
VALUE 




FIG. 3B 



BNSDOCID: <WO_0054430A1_I_> 



WO 00/54430 



PCT/US00/06553 



© 



5/7 



STEP 342 

QUALITY^ 

OF ALL FORWARD 

LINKS DETERMINED 

9 



NO 



STEP 344 

GOTO 
STEP 301 



YES 



FOR ALL 
RELIABLE C/I 
SET A[i] GIVEN BY 
EQUATION (1) 



STEP 346 



IS 

SUM A[i] > 
AVAILABLE 
POWER 

9 



NO 



STEP 348 



STEP 350 



SET A[i] FOR 
UNRELIABLE C/I 
USING EQ. (4) 



YES 



SET A = [i] BY EQ. (3) 
FOR ALL RELIABLE 
C/I AND A[i] = 0 
FOR THE REST 



STEP 352 



FIG. 3C 



0O54430A1 I > 



WO 00/54430 



PCT/US00/06553 



6/7 



C 

USER INTERFACE 



412 



400 



406 




408 



GENERAL 
PURPOSE 
PROCESSOR 



404 



RF FRONT 
END 



C 



402 



ANTENNA 



410 



MEMORY 



FIG. 4 



WO 00/54430 



PCT/US00/06553 



7/7 



C 

COMMUNICATIONS 
INTERFACE 



512 



500 



506 




508 



GENERAL 
PURPOSE 
PROCESSOR 



504 



RF FRONT 
END 



502 




510 



MEMORY 



FIG. 5 



BNSDOCID: <WO 0054430A1 J_> 



INTERNATIONAL SEARCH REPORT 



tprr F,cA HLTBr/!io5 ECTMATTER 



Inu. .atfonal Application No 

PCT/US 00/06553 



According to International Pate nt Classification (IPC) or to both natio nal classification and IPC 
8. FIELDS SEARCHED 
Minimum documentatfon searched (classtfication system followed by classification symbols) 



Documentation searched other than minimum documentation to the extent that such documents" 



are included in the fields searched 



Electronic data base consulted during the .nternatlonal search (name of data base and. where practical search terms used) 

EPO-Internal , INSPEC 



1 



C. DOCUMENTS CONSIDERED TO BE RELE VANT 

Category* | Citation of document, with indication, where appropriate, of the relevant passages 

EP 0 847 147 A (HITACHI LTD) 
10 June 1998 (1998-06-10) 

column 4, line 9 -column 7, line 14 
column 8, line 42 -column 10, line 18 
claims 1-18 
figures 1-7,9,10 

EP 0 817 400 A (NIPPON ELECTRIC CO) 
7 January 1998 (1998-01-07) 



column 3, line 45 
claims 1-4 
figure 2 



-column 6, line 28 



-/— 



| X| Fu rth«r documents are listed In the continuation of box C. 

• Special categories of cited documents : 

° A " do J^™ nt °*flnlng the general state of the art which is not 
considered to be of particular relevance 

" E " *S£Z 2??™™* but P ubw » d on <* after the international 
ruing date 

X " d ° C ^ nt ^!?? "^V throw doubts on priority ciaim(s) or 
which » cited to establish the publication date of another 
citation or other special reason (as specified) 

"°" document referring to an oral disclosure, use. exhibition or 
other means 

T " "loSTJS"* P^'^ed Prtor to the International filing date but 
(ater than the priority date claimed 

Date of the actual completion of the international search 

10 July 2000 

Name and mailing address of the ISA 

^lf r0po 22i >atent ° fflC8 » RB - 5818 Patentlaan 2 
NL - 2280 HV Rfjswljk 

Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



0 



Relevant to daim No. 



1,3,6, 

8-12,15, 

17-19 



1,3,6, 

8-12,15, 

17-19 



Patent family members are listed in annex. 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

"&* document member of the same patent family 
Date of mailing of the international search report 



20/07/2000 



Form PCT/1SA/210 (second sh«of) (July 1 992) 



Authorized officer 



Gkell, M 



BNSDOCID: <WO 0054430A1 _l_> 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



MCQMInuatlon) UUCUMENTS a MsipimS 
' I Citation ol document. wtth indication! 



TO BE RELEVANT 

wnere appropriate, of the relevant passages" 



Inte. ..aortal Application No 

PCT/US 00/06553 



WO 95 21494 A (QUALCOMM INC) 
10 August 1995 (1995-08-10) 



Page 4, Une 19 
Page 8, Une 14 
Page 12, line 4 
figures 1,3 



-page 7, line 28 
-page 10, line 2 
-page 13, line 24 



Relevant to dalm No. 

1,3,6, 
8-12,15, 
17-19 



1 



Form PCT/1S*210 (corWnusttan of 



second ahMt) (jLdy 1933) 



BNSDOCID: <WO_0054430A1 I > 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 

EP 0847147 
EP 0817400 



Publication 
date 



Inte. -.tlonal Application No 

PCT/US 00/06553 



Patent family 
members) 



Publication 
data 



10-06-1998 JP 10173594 A 26-06-1998 



07-01-1998 



JP 2839014 B 

JP 10022975 A 

AU 716425 B 

AU 2849697 A 

CA 2209729 A 

US 6026081 A 



WO 9521494 



10-08-1995 



US 5469471 A 

AT 178444 T 

AU 681771 B 

AU 1836995 A 

BR 9505642 A 

CA 2158157 A 

CN 1123073 A 

DE 69508664 D 

DE 69508664 T 

EP 0692162 A 

ES 2129810 T 

FI 954617 A 

GR 3030151 T 

IL 112487 A 

JP 3014765 B 

JP 8508871 T 

RU 2127948 C 

SI 692162 T 

ZA 9500600 A 



16-12-1998 

23- 01-1998 

24- 02-2000 
15-01-1998 
05-01-1998 
15-02-2000 



21-11 

15- 04 
04-09- 

21- 08- 

09- 01- 

10- 08- 

22- 05- 

06- 05- 
21-10- 
17-01- 

16- 06- 
28-11- 
31-08- 

30- 10- 
28-02- 

17- 09- 
20-03- 

31- 10- 

07- 02- 



-1995 
1999 
1997 
1995 
1996 
1995 
1996 
1999 
1999 
1996 
1999 
1995 
1999 
1998 
2000 
1996 
1999 
1999 
1996 



IN 



BNSDOCID: <WO 0O54430A1 _l_> 



4 



pMi E BLANK V™ 



